###### Statement of Significance

The high prevalence and recurrence rate of major depressive disorder (MDD) stress the utmost importance of prevention of *first-onset* MDD. Using the novel method of network outcome analysis, we identified that, among insomnia complaints, only 'difficulty initiating sleep (DIS) is an independent and primary predictor of first-onset MDD. Crucially, these findings are of high-clinical relevance, as cognitive behavioral therapy for insomnia is highly effective in improving DIS. Targeting specifically DIS in the treatment of insomnia might aid to combat the global costs of MDD by means of prevention.

Introduction {#s1}
============

Major depressive disorder (MDD) is the leading cause of disability worldwide \[[@CIT0001]\] and prevalence rates continue to rise \[[@CIT0002], [@CIT0003]\]. Because the probability of recurrence is high \[[@CIT0004]\], the prevention of MDD would be more efficient than its treatment. It is therefore of utmost importance to determine primary modifiable risk factors for the development of first onset MDD \[[@CIT0005]\]. Knowing these targets is a prerequisite to identify vulnerable individuals and to optimize attempts to prevent rather than treat depression \[[@CIT0006]\]. Insomnia has often been suggested to be a primary modifiable risk factor of depression \[[@CIT0007], [@CIT0008]\]. The identification of insomnia as an *independent* risk factor for *first-onset depression* is however complicated by at least two challenges.

A first challenge, and shortcoming of most previous studies that investigated insomnia as a risk factor for depression, is that whereas current depression is often excluded, the lifetime history of a depression diagnosis is rarely assessed. Because prior depression is among the strongest risk factors for depression, it is difficult to disentangle de novo risk factors from residual symptoms. Importantly, insomnia is the most common residual symptom of depression \[[@CIT0009]\]. Therefore, only if a lifetime history of a depression diagnosis can be excluded, it can be ruled out that prior depression rather than insomnia is predictive for a future depressive episode.

A second challenge is that insomnia complaints can be considered a symptom of both insomnia and MDD. Therefore, someone who suffers from insomnia also suffers from one symptom of MDD according to diagnostic criteria \[[@CIT0010]\], which might explain its predictive effect. The predictive value of insomnia for first-onset MDD may thus be nonspecific, indistinguishable from other depression complaints. Although several studies investigated whether baseline depression symptoms predict MDD onset \[e.g. \[[@CIT0011]\]\], none of these previous studies took into account that the depression symptoms are themselves related and that, as a consequence, some symptoms might only predict MDD via their relations to other symptoms. How to validly determine the importance of insomnia amidst this set of correlated symptoms has so far remained enigmatic.

To overcome these challenges we performed a 6-year study with three follow-up assessments in a large sample carefully selected to be free from both a current and a lifetime prior diagnosis of MDD. We moreover answered the pressing need to determine primary risk factors of first-onset MDD among multiple possibly predictive symptoms of insomnia and depression, by applying a novel method for symptom network analysis, which we will refer to as network outcome analysis (NOA).

Methods {#s2}
=======

Participants {#s3}
------------

We carefully selected participants from the Netherlands Study of Depression and Anxiety (NESDA), a multisite longitudinal study including four repeated assessments (T0--T3), spanning 6 years in total \[[@CIT0015]\]. Included participants were strict without a current or prior lifetime MDD according to the DSM-IV, determined using the Composite International Diagnostic Interview (CIDI) \[[@CIT0016]\], and for whom a CIDI at each of three follow-up measurements was completed. The 768 included participants were between 18 and 65 years of age (*M* = 41.1 years, *SD* = 14.4 years), and 482 (62.7%) were female.

Measures {#s4}
--------

At T0, insomnia severity, sleep duration, and severity of individual depression symptoms were assessed.

Insomnia severity was assessed using the Women's Health Initiative Insomnia Rating Scale (IRS) \[[@CIT0017]\]. The IRS contains five items on sleep problems (i.e. trouble falling asleep, waking up during the night, waking up earlier than planned, and troubles getting back to sleep) and sleep quality during the past month (scale 0--4), for which a total score can be computed (range 0--20).

Sleep duration was assessed by asking participants to estimate the average hours of sleep per night during the past month, where at most 6 h was coded as short sleep duration. The risk of depression by conveyed by short sleep is less clear than the risk imposed by insomnia. A meta-analysis of prospective studies suggests that short sleep increases the risk of depression with an odds ratio (OR) of 1.31 \[[@CIT0018]\], whereas meta-analyses on the risk of MDD imposed by insomnia reported a range of OR = 2.10--2.60 \[[@CIT0007], [@CIT0008]\]. Despite lower risk, we still considered it important to include short sleep in our analyses, because short sleep has also been shown to predict insomnia chronicity \[[@CIT0019]\], and chronic rather than acute insomnia adds to the risk of first-onset depression \[[@CIT0020]\]. It has indeed been suggested that the risk of depression is largest for people suffering from both insomnia and short sleep \[[@CIT0021]\].

Severity of nonclinical depression complaints at baseline was assessed using 30 items of the Inventory of Depressive Symptomatology (IDS), with items rated on a 4-point scale (0--3) \[[@CIT0022]\]. Following van Borkulo et al. \[[@CIT0023]\], we used the items of the IDS that mapped onto the nine criteria of a DSM-5 MDD diagnosis, see [Table 1](#T1){ref-type="table"}. Some DSM-5 criteria are represented by multiple IDS items, resulting in an initial selection of 16 items. However, two sets of two items, respectively inquiring changes in weight and appetite, were mutually exclusive, resulting in perfect negative relations between the two variables. We followed van Borkulo et al. \[[@CIT0023]\] in recoding each of these two sets of two items into two single items on appetite and weight change, resulting in a total of 14 items. Finally, note that all nonclinical depression complaints at baseline, including insomnia, are assessed using the IDS, see [Table 1](#T1){ref-type="table"}.

###### 

DSM-5 criteria of MDD (left two columns), corresponding IDS items (middle two columns), and included nonclinical complaint abbreviation (right)

  DSM-5 MDD criteria                               IDS item                                   Abbreviated symptom
  -------------------- --------------------------- ---------- ------------------------------- ---------------------
  A1                   Depressed mood              5          Feeling sad                     dep
  A2                   Loss of interest/pleasure   19         General interest                int
  A3                   Weight/appetite change      11         Decreased appetite              app
                                                   12         Increased appetite              
                                                   13         Decreased weight                wei
                                                   14         Increased weight                
  A4-a                 Insomnia                    1          Falling asleep                  dis
                                                   2          Sleep during the night          dms
                                                   3          Waking up too early             ema
  A4-b                 Hypersomnia                 4          Sleeping too much               hyp
  A5-a                 Psychomotor retardation     23         Feeling slowed down             ret
  A5-b                 Psychomotor agitation       24         Feeling restless                agi
  A6                   Fatigue or loss of energy   20         Energy level                    ene
  A7                   Guilt/worthlessness         16         View of myself                  gui
  A8                   Concentration               15         Concentration/decision making   con
  A9                   Suicidality                 18         Thoughts of death or suicide    sui

Statistical analyses {#s5}
--------------------

Cox proportional hazard analysis. Using a Cox proportional hazard models we first investigated the effect of baseline insomnia severity (IRS) on first-onset MDD. Second, we investigated whether the short-sleep duration has an additional effect. Third, as insomnia is defined by different nocturnal complaints that are covered by separate IRS items, we assessed whether specific insomnia symptoms are most predictive of first-onset MDD using models with the individual IRS items instead of the IRS summary score. Analyses were performed in R (version 3.5.0) using the package ''survival''.

Network outcome analysis. We subsequently addressed the possible confounding issue that insomnia commonly co-occurs with a vast variety of other complaints. Therefore, the predictive value of insomnia complaints about first-onset MDD could be nonspecific, indistinguishable from the predictive value of other complaints. Network modeling techniques provide a unique framework to study the interactions among symptoms and their role in the development and maintenance of psychiatric disorders \[[@CIT0024]\]. Using network analysis we can estimate the unique association between pairs of symptoms, whereas controlling for the state and associations of all other symptoms \[[@CIT0025], [@CIT0026]\]. Accordingly, a connection (edge) between two symptoms (nodes) in the network structure, provides evidence for a direct rather than indirect association. We recently innovated the network analysis framework by demonstrating the possibility and use of including the presence or absence of an intervention \[[@CIT0025]\]. Here, we employed a similar key innovation \[[@CIT0026]\], which we propose to call Network Outcome Analysis, in which we include the outcome ''first-onset MDD'' during the 6-year follow-up as a variable in the network. Accordingly, NOA allowed us to distinguish symptoms that predict first-onset MDD *directly* from symptoms that do so indirectly through their association with directly related symptoms.

Estimation. For the NOA we estimated a Mixed Graphical Model \[[@CIT0027]\] in which we included all baseline depression symptoms ([Table 1](#T1){ref-type="table"}) as continuous and the first-onset MDD outcome as binary (0: no first-onset MDD; 1: first-onset MDD; FO-MDD). In the network, the symptoms are presented as nodes (IDS items as circles, FO-MDD indicator as a square) that are connected by edges that encode the unique association among two variables after controlling for all other variables in the network. In estimating the networks, we used LASSO regularization to prevent the inclusion of spurious edges due to sampling variation \[[@CIT0028]\], see [Supplementary material, Section 2.1](#sup1){ref-type="supplementary-material"} for details. Finally, we assessed the accuracy of the estimated networks \[[@CIT0029], [@CIT0030]\], see [Supplementary material, Section 2.2](#sup1){ref-type="supplementary-material"} for details. These analyses were performed in R (version 3.5.0) using the packages ''qgraph'', ''bootnet'', and ''mgm''.

[interpretation]{.smallcaps}. In the network, the edges represent the unique association between two variables, whereas controlling for all the other variables in the network (i.e. conditional dependence relationships). Any edge between a symptom and the FO-MDD indicator variable is thus indicative of the unique predictive value of that symptom, whereas controlling for all the other baseline depression symptoms. Because the baseline depression symptoms temporally *precede* the first-onset depression during follow-up, we know that the symptoms can lead to depression onset but not vice versa (i.e. depression onset later in time cannot affect symptom levels at baseline). An edge between a symptom and the first-onset depression outcome thus indicates that symptom directly and uniquely predicts first-onset depression, whereas controlling for the other symptoms.

The presence and strength of an edge are proportionate to regression coefficients \[[@CIT0028]\]. At the same time, and unlike regression analysis, the network also models how the different symptoms predict one another. The network thus maps out the linear prediction and multicollinearity among *all* variables. Accordingly, it can provide insight into *predictive mediation*: the network might reveal variables that are only indirectly related through a third variable (e.g. A--B--C), which indicates that, even though A and C might be correlated, any predictive effect from A to C or vice versa is mediated by B \[[@CIT0028]\]. The network model thereby provides a unique opportunity to investigate direct and indirect effects from the baseline depression symptoms to first-onset MDD.

[evaluation]{.smallcaps}. To evaluate the symptoms that were identified by NOA as direct predictors of first-onset MDD, we compared the area under the receiver operator characteristic (AUC) curve predicting first-onset depression using the sum score of these direct predictors versus the sum score of all predictors. This analysis was performed in R (version 3.5.0) using the package ''pROC''.

Results {#s6}
=======

Of the 768 participants that were initially without current or prior lifetime MDD, 141 (18.4%) were later diagnosed with first-onset MDD: 75 between T0 and T1, 46 between T1 and T2, and 20 between T2 and T3. Participants who developed MDD during the 6 year follow-up period were slightly, but nonsignificantly, younger (39.1 versus 41.5 years, *p* = .09) and were more likely to be female (marginally significant; 70.2% versus 61.0% female, *p* = .05), as compared with participants who did not develop MDD.

Cox proportional hazard analysis showed that the odds of first-onset MDD increased by 11% (HR = 1.11, 95% CI: 1.07--1.15) with every 1-point increase of the IRS score (observed range: 0--20 points). Thus, as compared to participants without insomnia complaints (IRS = 0), participants scoring at the insomnia cutoff of IRS = 9 were 2.6 times more likely to develop first-onset MDD, and participants with the most severe insomnia complaints (IRS = 20) were 8.1 times more likely. This result did not change appreciably when adding age, sex, and presence of any anxiety disorder diagnosis at baseline as covariates (HR = 1.10, 95% CI: 1.04--1.16). Including short-sleep duration in the model did not affect the risk for first-onset depression: the 22% that indicated to have slept 6 h or less over the past month did not have an increased risk (HR = 0.95, 95% CI: 0.35--2.63), also not in interaction with insomnia severity (HR = 0.99, 95% CI: 0.91--1.10).

Performing Cox proportional hazard analysis using the individual IRS items revealed that the predictive effect of insomnia on first-onset MDD was driven *solely* by the item "did you have trouble falling asleep" (HR = 1.33, 95% CI: 1.12--1.57; observed range: 0--4). As compared to those without difficulty initiating sleep (DIS) (item score 0), people experiencing trouble falling asleep 3--4 times or more than 4 times a week were respectively 2.3 times or 3.2 more likely to develop first-onset MDD. Importantly, none of the other sleep complaints---including nocturnal and early morning awakening---significantly increased the risk of first-onset MDD.

NOA identified five nonclinical complaints at baseline to directly predict first-onset MDD whereas controlling for the other complaints: energy level, concentration/decision making, feeling sad, feeling restless, and difficulty falling asleep. Predictive effects of other complaints were estimated to be indirect (see [Figure 1](#F1){ref-type="fig"}). The results did not change when adding age, sex, and presence of any anxiety disorder diagnosis at baseline into the analyses, see [Supplementary Material](#sup1){ref-type="supplementary-material"}. The area under the receiver operating characteristic (AUC) curve revealed that the sum score of the five direct complaints captures all relevant information to predict first-onset MDD (AUC = 0.76, 95% CI: 0.71--0.81). Adding the other nine complaints did not improve the prediction accuracy (AUC = 0.75, 95% CI: 0.71--0.80).

![Regularized network showing the conditional dependence relations among the baseline depression symptoms (circles) and first-onset MDD (FO-MDD) during the 6 year follow-up period (yes or no; square). Edges represent conditional dependence relations among the variables and capture unique effects that remain after controlling for all the other variables in the network. The thickness and color saturation of the edges corresponds to the strength of the association. In this network, all associations are positive. The five symptom nodes that are directly predictive of first-onset MDD are indicated by thicker outlined circles. Abbreviations: agi = psychomotor agitation; app = appetite change; con = concentration problems; dep = depressed mood; dis = difficulty initiating sleep; dms = difficulty maintaining sleep; ene = fatigue or loss of energy; ema = early morning awakenings; FO-MDD = first-onset depression; gui = feelings of guilt or worthlessness; hyp = hypersomnia; int = loss of interest; ret = psychomotor retardation; sui = suicidal thoughts; wei = weight change.](zsz288f0001){#F1}

Discussion {#s7}
==========

The ever increasing prevalence rate of MDD, already a major contributor to the global costs of disease today, stresses the utmost importance to identify modifiable risk factors. Although it has often been stated that insomnia is such a primary modifiable risk factor \[[@CIT0007], [@CIT0008]\], insomnia is also the most common residual symptom \[[@CIT0009]\], and studies on risks have usually not assessed a prior diagnosis of MDD. Moreover, because insomnia often co-occurs secondary to other symptoms, insomnia might not necessarily be of primary importance. In the current study, we overcame these challenges by carefully selecting participants free from lifetime MDD and applying the novel NOA to identify primary risk factors amidst a large number of correlated predictors.

We could reveal that insomnia, and ''DIS'' in particular, is a primary and independent prospective risk factor for first-onset MDD. This predictive effect could not be attributed to an earlier depressive episode, nor to an indirect association via other depression symptoms. These results suggest that ''DIS'' might be a viable target for risk detection and prevention of MDD.

Although the relationship between insomnia and depression onset has been studied extensively \[e.g. \[[@CIT0007],[@CIT0008]\]\], the current prospective study is the first to address both the possibility that insomnia complaints could represent a residual symptom from prior depression, as well as the issue of possible confounding through its connection to other baseline complaints. Another particular strength is that the gold standard and WHO-recommended CIDI was used to diagnose depression. A final strength of the current study is that we compared the prospective risk factor of insomnia to that of other depression symptoms.

The importance of our findings is stressed by the high prevalence of MDD \[[@CIT0001]\], its increasing associated costs \[[@CIT0031]\], and the pressing need to prevent *first-onset* MDD because of the high-recurrence rates \[[@CIT0004], [@CIT0006]\]. In order to prevent rather than treat MDD, this study meets the need to identify modifiable risk factors of *first-onset* depression. The identification of ''DIS'' as a risk factor is particularly promising, because a recent meta-analysis showed that cognitive-behavioral therapy, the treatment of choice for insomnia, is highly effective \[[@CIT0032]\]. This intervention moreover improves mood \[[@CIT0033]\] which we also identified as a direct risk factor. The current findings call for studies to evaluate whether treatment of ''DIS'' might *prevent* first-onset MDD.

We also evaluated whether short-sleep duration added to the risk to develop first-onset MDD. Contrary to suggestions that insomnia together with short sleep duration is the most severe phenotype, short sleep duration itself or in combination with insomnia did not increase the risk for developing first-onset MDD. Since we only used a self-reported measure of short-sleep duration, we cannot fully exclude the possibility that short-sleep duration adds to the risk of MDD. This finding does, however, align with earlier studies that showed that short-sleep duration was a weaker predictor of MDD than insomnia.

Another factor that might increase the prospective risk for depression is chronotype, as evening types are more prone to also suffer from complaints of both insomnia and depression \[[@CIT0036], [@CIT0037]\]. Unfortunately, chronotype was not assessed at baseline, and could therefore not be incorporated into the analysis. The assessment of chronotype in insomnia is however not without problems, not in the least because the calculation of the mid-sleep phase, which is the most common self-reported measure for chronotype, is intrinsically dependent on the subjectively experienced sleep onset, of which delays will be reported as difficulties initiating sleep \[[@CIT0038]\]. Consequently, difficulties initiating sleep and chronotype will inevitably be correlated. Still, it is unlikely that the association of both a late chronotype and DIS with the risk of depression is merely due to confounding of these two predictors: in a study on 4948 adolescents, both evening type and insomnia were independently associated with an increased risk of having emotional problems \[[@CIT0039]\]. Future prospective studies would ideally obtain different measures of chronotype \[[@CIT0037], [@CIT0040]\] to sort out the relative prospective risks conveyed by being an evening type and experiencing difficulties initiating sleep.

A notable finding is that particularly ''DIS'', and not the other sleep complaints difficulty maintaining sleep and early morning awakening, is predictive for first-onset MDD. This finding was robust across assessment formats and analyses. At least two earlier studies found ''DIS'' to be particularly predictive for depression \[[@CIT0041], [@CIT0042]\]. However, in these studies, lifetime history of depression was not assessed, so the possibility that sleep complaints represented residual symptoms of a prior depression could not be excluded. Moreover, none of these studies diagnosed depression using clinical interviews. We overcame these limitations and were able to confirm that the effect of DIS on *first-onset* MDD is robust.

The question may be posed why in particular DIS is directly predictive, whereas difficulty maintaining sleep and early morning awakening is only indirectly predictive. An intriguing possibility revealed by the novel NOA approach, is that DIS is the most direct indicator of underlying vulnerability. In this interpretation, it is not so much the waking up during the night or early in the morning that is bothersome, but rather the subsequent difficulty of getting back to sleep. Phrased differently, although insomnia undoubtedly involves abundant transitions from sleep to wake \[[@CIT0043]\], the core experienced problem may rather be the difficulty of transitioning from wake to sleep, either at sleep onset or at any time later during the night. Interestingly, our results suggest that especially the presence of such difficulties at the onset of the night convey a vulnerability for first-onset MDD.

To conclude, we identified a robust direct contribution of DIS to the risk of first-onset MDD. The finding is of high clinical relevance, since this complaint can effectively be treated with cognitive-behavioral therapy \[[@CIT0035]\]. Our identification of five primary predictive complaints will benefit the efficiency of studies on other preventive interventions, by defining the best outcome measures and allowing for selection of most vulnerable individuals. Treating difficulties initiating sleep could contribute significantly to combat the global costs of depression by means of prevention \[[@CIT0006]\].
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